Coherent Perfect Absorber (CPA) and Laser is a pair of inversely worked wave structure satisfying the time-reversal relation. We point out that, if the wave energy absorbed by CPA can be recovered by somewhat way and then be reemitted by its corresponded Laser, the combination of CPA and Laser will be a wave-controlling device that can "move" the wave energy from one place to another. By extending the concepts of CPA and Laser from the previously studied one-dimensional non-Hermitian systems to the two-dimensional ones, this understanding is used to simplify the designing of the metasurface in this letter. As examples, an angular-asymmetric transmitting metasurface and wave splitter, which acts as perfect transmitter/retro-reflector for waves coming from two oppositely tilted angles and split an incident wave into two directions with arbitrary amplitude ratio and phase difference, respectively, are constructed by combining two pieces of the separately designed CPAs. The idea can not only greatly simplify the designing of metasurface, but also bridge the researches between the metasurface and non-Hermitian system.
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Coherent perfect absorber (CPA) and Laser is a special pair of wave device that satisfying the time-reversal symmetry. The relationship between them tells that, by replacing the loss (gain) materials by the gain (loss) ones in CPA (Laser), the perfect absorption (lasing) procedure can be reverted exactly as the emission (absorption) one [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This relationship and the behind physics have been suggested to be used in the designing of absorptive interferometer [3, 4] , perfect wave absorbers in subwavelength [5, 6] , light-surface plasmas coupler [9] , lens without aberration [11] and others. However, those functional structures are based mostly on the coherent perfect absorption effect, which means only the procedure of removing the wave energy away from space has been used, while the anti-effect, say, the lasing-effect, which can bring the wave energy into space has in fact seldom been used in the structure designing. We point out that, if the wave energy absorbed by the CPA can be recovered by somewhat way and then be reemitted by its corresponded lasing structure, a combination of the CPA and Laser will act as a special device that can "move" the wave energy from one place to another. This will give a new mechanism for wave-behavior-controlling device.
On the other hand, controlling the wave behavior by artificial structures has attracted a lot of attention in recent years. The concept of metasurface, namely a two-dimensional (2D) thin artificial structure, have been introduced firstly in electromagnetic wave system [12] and extended into acoustic one [13] . They provide unique functionalities with large potential of engineering applications such as anomalous refraction and reflection [14] [15] [16] [17] [18] , asymmetric transmission [19, 20] , perfect absorptions [21, 22] , retro-reflection [23] , cloaking [24] and others [25, 26] . It can be found however that, the devices to realize those functionalities are mostly constructed by the phase-gradient approach [17] or its improved approaches [18] , which often provides very complicated building subunits. We notice that, the designing purpose of the metasurface is very similar to the above mentioned CPA-Laser pair if we view it as the structure that can move the wave energy in real space from one part to another, or say, from one channel to the other. This similarity and the simple corresponding relationship between the CPA and Laser give us a new mechanism for the metasurface designing.
As a direct application, we will show that the above mentioned mechanism can be used to design the transmission-type metasurface. As we know, a transmission-type metasurface is a device designed to transmit an incident wave from the incident side to the transmission side in a 3 designable direction. It is equivalent to a CPA-Laser pair because it "absorbs" the wave from the inputting side and "emits" it into the outputting side. This means that the inputting and outputting ends of the metasurface can be separately designed as a CPA and Laser. We will see that such a separately-designing strategy can greatly simplify the designing procedure. In this letter, we will take two examples to show the design procedure. As the first example, we will show that an angular asymmetric transmission metasurface (AATM) can be constructed by combining two pieces of the angular asymmetric reflective metausurface (AARM). As has been reported in Ref. [27] for electromagnetic wave and in Ref. [28] for acoustic wave, an AARM is a specially designed CPA that can perfectly absorb the waves from positive tilted incident direction and can in the same time perfectly retro-reflect the waves from negative tilted incident direction. We show that, by combining two pieces of AARM into a new structure, the combination will work in CPA status at the incident end and in Laser status at the outputting end. As a result, an AATM, which acts on both sides as perfect transmitter/retro-reflector for waves coming from two oppositely tilted angles, can be obtained. As the second example, we will show that the mechanism can also be used to design a transmitting wave splitter: a more general metasurface that can split the plane wave from +α direction in the inputting side into two plane waves in ±α directions in the outputting side with arbitrary amplitude ratio and phase difference.
We start the designing from the AARM. The two-dimensional (2D) structure is shown schematically in Fig. 1(a) , which is a structured rigid periodic surface with L (L=2 is shown in the figure) bottomed grooves and one bottomless channel per period. By neglecting the wave dissipation in the medium, the bottomed grooves will act as the lossless material with pure imaginary surface impedance at their opening end, while for the bottomless channel, because the reflection from the outgoing end (not shown in the figure) will be smaller than unity, it will act as the loss material with complex surface impedance at the inputting end. The purpose of the designing is to find the configuration of the grooves and the channel, so that the surface can act as a CPA when it is illuminated by the incident waves from one or two given directions. Rather than using the phase-graded method suggested in the Ref. [28] , we introduce here a new method based on the general grating theory to design the structure. The new method can give simple structure and clear understanding of the behind physics. Because of the x-directional periodicity of the structure, the pressure and the y-component particle velocity of the field in the medium above the surface can be written as a summation of the harmonic modes: 
where k 0 =2π/λ 0 is the wave vector with λ 0 as the working wavelength, θ is the incident angle between the incident ray and the surface normal, it takes positive (negative) value if the incident ray is at the left-(right-) hand side of the surface normal; Z 0 is the characteristic impedance of the medium, constant of the n th -order harmonic mode. It can be seen from the formula that β n can be real, i.e., the n th -order diffractive mode can be propagative only when the condition |sinθ+nλ 0 /a|<1 is satisfied. By setting a=λ 0 /2sinα, the system will have only the 0 th -and -1 st -order harmonic modes as the propagating ones when θ satisfying the condition 2sinα-1<sinθ<4sinα-1. As we will show later that, the system is equivalent to a two-port non-Hermitian system under this setting, and the design target is to find the spectrum singularity of the system, at which the incident plane waves with incident angle θ=±α can be perfectly "absorbed".
On the other hand, the pressure and y-component particle velocity field in grooves and channel can be expressed as the superposition of the waveguide modes, the field at the inputting end (y=0) of the l th groove (or channel) can be expressed generally as As the first example, we use this scheme to search for the AARM, or say, the unidirectional CPA that can absorb the plane wave from a single direction with incident angle θ=α. Notice that for a reciprocal two-port system (i.e., metasurface with only 0 th -and -1 st -order possible diffractive modes), the perfect absorption of the wave from θ direction means also a retro-reflection for the wave from -θ direction. By the method, structures with α from 30° to 88° are searched and found.
We find that for all of these structures, 2 grooves per period are enough to realize the function. As examples, we choose the structure with α=50° to show the result. The optimized parameters are It can be seen that the transmission angle for D-type and R-type structure is -50° and +50°, respectively, and the amplitude of the transmitted pressure wave is obtained as 0.999 under the incident amplitude of unity for both structures, which means 8 the almost perfect transmission is obtained. We do not show the situations for incident wave from θ=-50° because it is the same as the one shown the right panel of Fig.1(b) . And because of the reciprocity of the structure, the situation will be the same when the incident wave is from the lower half-space of the metasurface. Those results show that an AATM, which acts on both sides as perfect transmitter/retro-reflector for waves coming from two oppositely tilted angles, is obtained. When we focus only on the scattering behavior of the waves in the upper or lower half-infinite space of the AATM, the structures can also be described as a two-port non-Hermitian system: a topic that has been attracting a lot of interest in recent years [8, 29, 30] . One may find that, previous works on this topic concentrated mostly on the one-dimensional (1D) system. Here we show that our 2D case has the same property as of the 1D one. Such an extension will bridge the 9 researches between the metasurface and the non-Hermitian system.
As is schematically shown as inset in Fig. 3 
We can find that the scattering matrix presented in the equation has only one nonzero element (with |r N |=1) at the status of angular-asymmetric-reflecting. This status is called also as the spectrum singularity in a non-Hermitian system [1, 10] . A checking of the spectra |r In conclusion, we show that an AATM and a wave splitter can be constructed by combining a CPA and its corresponded Laser. Because the inputting and outputting ends are decoupled and separately designed, the suggested mechanism gives a simple designing method for transmission-type of metasurface. The scattering property of the structure in the inputting (or outputting) half-infinite space is also studied by the scattering matrix method and found to be as the same as the one for the one-dimensional non-Hermitian system. The research not only gives a simple way for the metasurface designing, but also bridges the researches between the metasurface and the non-Hermitian system.
